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The field of spin caloritronics aims to develop novel physics and application based on the coupling of spin 
and heat currents. Experimental studies on spin caloritronics begin with the investigation of heat-to-spin current 
conversion phenomena. The spin Seebeck effect (SSE) is one of these phenomena, which refers to the generation 
of a spin current, a flow of spin angular momentum, as a result of a heat current in magnetic materials. When a 
conductor is attached to a magnetic material, the thermally induced spin current is injected into the conductor. 
This spin current is then converted into an electric field via the spin-orbit coupling in the conductor. Another 
important topic in spin caloritronics is the spin-to-heat conversion phenomena, such as the spin Peltier effect 
(SPE) and spin-dependent Peltier effect (SdPE). These phenomena refer to the generation of a heat current as a 
result of a spin current. Here, the mechanism of SPE (SdPE) is discussed in terms of non-equilibrium transport 
of magnons (conduction electrons’ spins). This thesis addresses a part of spin caloritronics that focus on the 
interplay between spin and heat transport using different materials. The main motivation of this thesis is not only 
understanding the mechanism of spin-heat interconversion phenomena in paramagnet/ferromagnet junctions but 
also develop techniques for realizing thermoelectric generation based on SSE and heat control technique based 
on SPE and SdPE. For this purpose, we have systematically investigated SSE, SPE, and SdPE in various 
paramagnet/ferromagnet junctions. 
In chapter 1, I show basic concepts and former studies related on spintronics and spin caloritronics which 
are necessary to understand the following chapters. 
In chapter 2, I describe the sample preparation, characterization and measurement methods. 
In chapter 3, we demonstrate a new spin-charge conversion mechanism in paramagnet for the SSE devices. 
The SSE is attracting growing interest in spin caloritronics owing to its potential application to thermoelectric 
conversion. However, the heat-to-charge conversion efficiency is still insufficient for application. Therefore, the 
investigation of the SSE using various mechanism and materials is important for improving the efficiency. Here, 
we report the observation of the SSE in the Bi2O3/Cu/yttrium-iron-garnet (YIG) devices. The measurement 
results indicated that the generated spin current converted into electric voltage due to the spin-orbit coupling at 
the Bi2O3/Cu interface. Also, we found that the thermoelectric conversion efficiency is independent of Cu 
thickness, indicating the important role of the Bi2O3/Cu interface. Our study demonstrates that not only the bulk 
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inverse spin Hall effect but also the spin-orbit coupling near the interface can be used for SSE-based 
thermoelectric generation. In conclusion, the interface spin-orbit coupling may be useful for a new strategy for 
efficient thermoelectric devices. 
In chapter 4, we investigated whole features of the SSE devices which are essential for the heat-spin 
conversion and presented a possible application of the SSE devices. To demonstrate that SSE devices are 
applicable to thermoelectric generation even in high radiation environments, we have investigated the effect of 
gamma (γ) ray radiation on the Pt/Ni0.2Zn0.3Fe2.5O4/Glass and Pt/Bi0.1Y2.9Fe5O12/ Gd3Ga5O12 devices, which 
are typically used in the SSE study. We confirmed that the thermoelectric, magnetic, and structural properties of 
the SSE devices were not affected by the γ-ray irradiation, showing high γ-radiation resistance of the devices.  
In chapter 5, we measured the SPE in the Pt/GdIG junction around the magnetization compensation 
temperature of GdIG by means of the lock-in thermography method. Recently, the SSE has been observed in a 
compensated ferrimagnet gadolinium iron garnet (GdIG), revealing that the SSE is sensitive to the magnon 
dispersion relation. However, the reciprocal of the SSE, the SPE, had not been investigated in a compensated 
ferrimagnet so far. Here, to reveal the detailed behavior of the spin-to-heat conversion in a compensated 
ferrimagnet, we have investigated the SPE in the Pt/GdIG junction. The SPE signal in the Pt/GdIG junction 
showed a sign change around the magnetization compensation temperature. The result demonstrated the similar 
temperature dependence of the SPE and the SSE for the Pt/GdIG hybrid system, consistent with the reciprocity 
between the SPE and the SSE.  
In chapter 6, to clarify the spin-heat conversion mechanism in metallic systems, we have investigated 
temperature modulation due to pure spin current in bilayer metallic films consisting of a paramagnetic metal 
(PM; Pt, W, or Ta) and a ferromagnetic metal (FM; CoFeB or permalloy). When a charge current was applied to 
the PM/FM bilayer film, a spin current was generated across the PM/FM interface owing to the spin Hall effect 
in PM. The spin current was found to exhibit cooling and heating features depending on the sign of the spin Hall 
angle of PM. This behavior can be driven by the conduction-electron-driven spin-dependent Peltier effect and 
magnon-driven spin Peltier effect in FM. To clarify the origin, we compared the spin-current-induced 
contribution in PM/FM systems with the phenomenological calculations based on the spin and magnon diffusion 
models. We found that the observed spin-current-induced temperature modulation is greater than that expected 
from the spin-dependent Peltier coefficients reported in earlier studies, indicating that the signals in the PM/FM 
films may contain the substantial contributions from the magnon-driven SPE.  
Chapter 7 is devoted to summarizing our results. We investigated the fundamental interaction between spin 
and heat currents. The results obtained in this thesis are important to clarify the microscopic origin of the 
spin-heat interconversion in magnetic hybrid systems and to improve its conversion efficiency. The findings 
show that the magnon spin current is important both in insulating and metallic systems. This investigation can 
provide new insights for spin-heat conversion efficiency via magnon engineering. We believe that this work 
improves the current knowledge of spin caloritronics and contributes to the development of thermo-spin 
conversion devices.  
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論文審査の結果の要旨 
 
熱流によるスピン流生成現象であるスピンゼーベック効果の発見を契機として、「スピンカロ
リトロニクス」と呼ばれるスピントロニクスと熱の融合研究が急速に進展している。これまでの
スピンカロリトロニクス研究の主流はスピンゼーベック効果の原理解明や熱電変換応用であり、
世界中から多数の研究が報告されている。一方、スピン流による熱流生成現象であるスピンペル
チェ効果については、汎用性の高い計測技術がようやく確立されてきた段階にあり、研究例は少
ない。 
 本研究では、強磁性体もしくはフェリ磁性体と常磁性金属との接合系を用いてスピンゼーベッ
ク効果・スピンペルチェ効果を系統的に測定することにより、これらの原理解明と熱電応用に向
けた基盤技術の確立を目指した。スピンゼーベック効果については、(1)界面スピン軌道相互作用
を介したスピン流熱電変換の実現、(2)スピンゼーベック素子のガンマ線照射耐性の実証、という
応用面に焦点を置いた成果を得た。さらに動的赤外線イメージング技術を駆使することにより、 
(3)磁化補償現象を示すフェリ磁性体におけるスピンペルチェ効果の観測、(4)強磁性金属/常磁性
金属接合におけるスピンペルチェ効果の観測、を実現した。特に重要な成果は(4)であり、従来観
測が難しかった金属系のスピン流-熱流変換現象を明瞭に実証し、その起源解明に資する情報を得
た。金属系では伝導電子スピンとマグノンの双方がスピン流-熱流変換に寄与し得るが、本研究で
は系統的な膜厚依存性測定や現象論モデルとの比較からスピン流-熱流変換の長さスケールや変換
効率を定量評価し、金属系におけるマグノンの寄与の重要性を示した。 
 本論文は、研究背景・目的を述べる序章に加え、以下の章から構成される。第１章ではスピン
流やそれに付随する物理現象、および各種熱電効果について概説している。第２章では実験試料
に関する詳細や、スピンゼーベック効果・スピンペルチェ効果の測定法について述べている。第
３～６章ではそれぞれ、上記(1)～(4)について報告している。第７章は本研究の結論である。 
 Ahmet YAGMUR 提出の論文は、スピンカロリトロニクスの基礎学理のみならず、スピンゼーベッ
ク効果やスピンペルチェ効果の性能・汎用性向上にも寄与するものと評価できる。この成果は、
提出者の Ahmet YAGMUR が自立して研究活動を行うに必要な研究能力と学識を有することを示して
いる。よって、博士（理学）の学位論文として合格と認める。 
